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[57] ABSTRACT

An oxidation inhibitor comprising;

(A) 10 to 200 parts by weight of at least one selected
from the group consisting of
Silica powder
Kaoline
Magnesia powder
MgO-Cry03 refractories
Mg-Si0; refractories, and
Mica

(B) 10 to 200 parts by weight of silicic anhydride
(810,),

(O) 10 to 200 parts by weight of at least one selected
from the group consisting of Cr, Al, Ti, Nb, Ni and
Cu in the powder form,

(D) 5 to 50 parts by weight of at least one selected
from the group consisting of colloidal silica and
alumina sol, and

(E) 1 to 20 parts by weight of water-soluble resin,

wherein the ratio of the metal powder to the total solid
components is within a range defined by the following

formula:

Weight of metal powder

Weight of total solid components X 100 = 20-50%

(the total solid components is the sum of
(A)+(B)+(C)+4(solid component of D)+ (E)).

- 2 Claims, 6 Drawing Figures
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1
OXIDATION INHIBITOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ‘oxidation inhibi-
tor, particularly useful for preventing scale formation
on metal product at high temperatures.

2. Description of the Prior Art

Conventionally, the steel products have been pro-

duced according to the following process:

Steel making—ingot making—soaking—breaking-
down rolling (slab manufacturing)—surface condi-
tiening—+heating~+rolling—+steel products.

In case where continuous casting is adopted, the slabs

are subjected to the following steps:
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Surface cond1t10n1ng-——-»heatmg—uollmg-»steel prod-_ |

Ucts.

The ingots and the slabs are heated at high tempera-' '20

tures in the soaking furnace and the heating furnace for
a long time in the above conventional production pro-
cesses, so that a large amount of scale is formed during
the heating, resulting in considerable lowering of the

production yield and causing a great problem from the -
- 23

point of saving the iron source.

In order to overcome the above difficulties and prob-

lems, various types of oxidation inhibiting methods
have hitherto been proposed and published. Some of
these known methods prevent the oxidation by forming
a layer of ceramics, glass or the like on the steel surface
by baking; others of the methods prevent the oxidation
by precipitation of oxide crystals on the metal surface,
still others of the methods spray a metal or an inorganic
salt having a relatively low melting point on the metal
surface and heat the metal or salt, and still further others
of them coat the metal surface with a heat-resistant
organic substance, or combine these known technics.
By any of these conventional methods, excellent oxi-
dation prevention can be assured at low-temperature
zone up to about 800° C,, but this excellent oxidation
prevention sharply lowers when the temperature ex-
ceeds about 1000° C., and in some cases the oxidation
inhibitor reacts with Fe of the metal surface, causing

2

property and good removability as disclosed in Japa-
nese Laid-Open Patent Specification No. Sho 49-30237.

The oxidation inhibitor disclosed in this Japanese
Laid-Open Patent Specification can prevent formation
of scale almost completely even in case of a high tem-
perature heating above 1000° C., particularly 1200° C.
for a long time, and can reduce the scale formation to
1/500-1/1000 of that formed when no treatment with
the oxidation inhibitor is done.

However, it has been found that the oxidation inhibi-
tor disclosed in the above Japanese Laid-Open Patent
Specification does not always show satisfactory remov-
ability when heated above 1300° C. or applied to a
3pec1a1 steel grade in spite of its excellent removability
in case of an ordinary hot rolling.

‘Therefore, the present inventors have made various
studies and experiments to improve the removability of

the oxidation inhibitor during the hot rolling and devel-

oped various methods for improving the removability
as disclosed in Japanese Laid-Open Patent Specification

Nos. Sho 49-43809, Sho 49-63611, Sho 49-73314, Sho

50-5207 and Sho 50-5208.
By combining the oxidation inhibitor disclosed in

J apanese Laid-Open Patent Specification No. Sho

49-30237 and the methods just mentioned above, 1t is

‘possible to apply the oxidation inhibitor to all kinds and

~ types of steel.

30

For example, this combination will provide the great-
est advantage in case of a special steel, such as 9% Ni
steels, stainless steels and copper-containing steels,
which is very susceptible to intergranular oxidation and

- selective oxidation due to very slight oxidation, and
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dissolution of Fe in the form of Fe++ which is hinder-

ous to the oxidation prevention.

Further, in case of flame plating, plasma jet weldmg,
physical and chemical vapour deposition for forming
the oxidation inhibiting layer, a treating apparatus of
large scale is required and the treating cost is high.
Some reports have been published on other methods in
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which refractories are applied on the steel surface or -

special chemical treatments are effected.
In general, the oxidation inhibitor is required to have

a good removability during a hot rolling as well as an

excellent oxidation inhibiting property.
Thus, when the oxidation inhibitor apphed on a steel

55

slab, which is then heated and rolled, is entrapped into

the slab surface during the hot rolling, it causes surface
defects and lowers the commercial value of the product
remarkably. Thus it is necessary to remove the oxida-
tion inhibitor as much as possible, preferably com-
pletely, by a scale breaker during the hot rolling. No
satisfactory oxidation inhibitor has been developed
which has both good oxidation preventing pmperty and
good removability.

The present inventors have made extensive studies
and experiments for development of an oxidation inhibi-
tor having the both excellent oxidation preventing

65

hence very susceptible to cracking during the hot roll-
ing and surface defects caused by the entrap of hardly—-
removable scale into the rolled surface.

Meanwhile, in case of ordinary steels which are pro-
duced in a large amount, the production cost is low so
that oxidation inhibitors used for these ordinary steels
are not required to have excellent oxidation prevention
as required in case of the special steels, but it is required
that they can be produced at a lower cost, with simpler
treatments and drying, and have good removability
during the hot rolling.

The present inventors have further conducted studies
and experiments and have developed an oxidation inhib-
itor which is advantageous technically and economi-
cally for both ordinary steels and special steels.

SUMMARY OF THE INVENTION

The oxidation inhibitors according to the present
invention comprises; (A) 10-200, preferably 50-150
parts by weight of at least one selected from the group
consisting of silica powder, kaoline, magnesia, montmo-
rillonite, doromite refractories, MgO-Cr,03 refracto-
ries, Mg-SiO; refractories, and natural and synthetic
mica; (B) 10-200, preferably 50-150 parts by weight of
silicic anhydride; (C) 10-200, preferably 20-200 parts
by weight of at least one selected from the group con-
sisting of Cr, V, Al, Ti, Nb, Ni and Cu in the metal
powder form; (D) 5-50, preferably 10-40 parts by
weight of at least one selected from the group consisting
of colloidal silica and alumina sol (based on the solid),

‘and (D) 1-20, preferably 2-4 parts by weight of water-

soluble resin, and satisfies the following condition:

Weight of the metal powder

Weight of total solid components X 100 = 20-50,
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-continued

preferably 30-40%

where the total solid components is the total weight of
the components (A), (B), (C) and (solid component of
D).

According to a modification of the oxidation inhibi-
tor according to the present invention, 1t further com-
prises 2-50, preferably 3-10 parts by weight of a syn-
thetic silica compound having the following chemical
formula:

My - X2.3 - 8i4.010.F2
I -

in which M represents an interlayer ion of Li+, Na+
and Ca?+ having ion exchangeability with an inorganic
or organic cation, X represents Mg2+ or Mg2+ partially
substituted by Li+.

The metal powders used in the oxidation inhibitor
according to the present invention are in the powder
form, preferably of 100 to 300 mesh. o

The oxidation inhibitors according to the present

invention are admixed with an appropriate amount of
water to provide a suitable viscosity prior to application
onto various metal surfaces for their protection from
oxidation.

When the oxidation inhibitor according to the present
invention is applied onto a steel material, for example,
dried and heated, part of the metal powder component
is sintered during the heating and is oxidized by oxygen
diffusing through the oxidation inhibitor film to expand
its volume, densify the film and prevents further diffu-
sion of oxygen. When the heating is heated in a higher
temperature zone, part of the refractories (or clay or
mica), silicic anhydride and the colloidal silica or the
alumina sol reacts with FeO formed at the intersurface
by part of the oxygen diffusing through the film to form
a semi-fused film, which provide more effective shield-
ing effect against the environmental atr.

When the heating is heated in a still higher tempera-
ture zone or for a long time, the semi-fused film gets
flowability to promote the diffusion of Fe and O and
dissolution of Fe in case of a conventional oxidation
inhibitor.

However, in case of the oxidation inhibitor according
to the present invention, as the film itself is densified by
the oxidation of the metal powder component, the fu-
sion of the film proceeds only partially and does not
proceed any further, and the presence of the oxides
formed by the oxidation of the metal powder compo-
nents improves the refractoriness of the film so that the
film does not fluidize under severe heating conditions,
and thus there is caused no dissolution of Fe and excel-
lent oxidation inhibition can be assured.

According to the modification of the present imnven-
tion, a synthetic scale-like silicate compounds is added
to the basic composition as mentioned hereinbefore.
The addition of the synthetic scale-like silicate com-
pound is effective to improve considerably the strength
of the oxidation inhibiting film formed on the steel sur-
face at higher temperatures during the heating step,
whereby particularly when the steel slab is heated in a
continuous heating furnace, the film can avoid surface
defects such as scratches by the skid and the furnace
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bottom, and thus more complete scale prevention can
be achieved.

Further, the addition of the synthetic silicate com-
pound permits the film to show a maximum expansion
rate of about 5%, as compared with about 1% when no
synthetic silicate compound is added, and this means the
addition produces a film more brittle when exposed to
the thermal impact.

Thus the oxidation inhibiting film formed with the
addition of the synthetic silicate compound can be re-
moved more readily and completely from the steel slab
after the heating by means of a mechanical removing
means such as a scale breaker (RSB) with a high pres-
sure water having 50 to 30 atmospheric pressure in the
hot rolling process for example. Without the addition of
the synthetic silicate compound, the film will require a
high-pressure water having 100 or more atmospheric
pressure for its complete removal from the steel slab
after heating.

The easiness in removing the film entailed by the
addition of the synthetic silicate compound can, in turn,
afford lowered power consumption by the scale
br’eaker' . L

As compared with the conventional oxidation inhibi-
tors, the oxidation inhibitor according to the present
invention provides satisfactory oxidation inhibiting ef-
fect with a very small amount of application on the
metal surface, so that almost no drying i1s required and
the treatment cost is very low.

For example, when 0.2 kg/m? of the oxidation inhibi-
tor according to the present invention is applied on a
steel material and heated, the scale formation can be
lowered to 1/100 to 1/200. Simultaneously, with satis-
factory removability during the hot rolling, no special
treatment is required for improving their removability.
This removability is still further improved by addition
of the synthetic silicate compound.

According to the present invention, the required
amount of the oxidation inhibitor to be applied is so
small that no drying is required, and that it does not
hinder the heating of the steel material and thus exces-
sive heating energy consumption is saved for the heat-
ing.

Further, the film formed by the oxidation inhibitor,
modified with addition of the synthetic silicate com-
pound, shows a higher degree of strength during the
heating of the steel material, so that the film does not
peel off substantially, even when the steel material is
heated in a continuous heating furnace and hen the steel
material is scratched partially by the furnace skid, a
sound film is maintained on the under side of the steel
material.

Therefore, the oxidation inhibitor according to the
present invention is advantageous for ordinary low-cost
steels because it can be manufactured and treated at
very low cost.

Also the oxidation inhibition according to the present
invention can be satisfactorily applied to special steels,
such as 9% Ni steels, stainless steels and copper-con-
taining steels.

Now, descriptions will be made on the components of
the oxidation inhibitors according to the present inven-
tion.

The oxidation inhibitor according to the present in-
vention is composed basically of—refractories (or clay
or mica)—silica, metal powders—colloidal silica or
alumina sol—and water soluble resin.
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According to the modification of the present inven-

tion, a synthetic silicate compound is added to the
above basic composition. -

As for the refractories (or clay or mlca) sﬂlca pow--
~der, kaolline or chamotte, magnesia powder, montmo-
rillonite, dolomite, MgO-Cr203, Mg-SiO; and mica

(natural or synthetic) are all effective when added in

single or in combination. However, kaolline and mont-

morillonite are more useful than the others.

As for 5107 used in the present invention it should be
a stable and precipitating silicic anhydride and unstable
S10;, such as partially hydrated SiO; or the like, is apt
to form firelite and thus undesirable. Regarding the
colloidal silica or alumina sol, acidic or alkaline colloi-
dal silica or alumina sol may be used so far as it is stable.’

As for the water soluble resin which is added for

4,381,251
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- components and various ratios of the metal powder

‘content to the total solid content onto a steel material,

and heating at 1300° C. for 3 hours, and measuring the

-~ 1ron .loss by the scale formation to determine an opti-
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increasing the viscosity and promoting the film forma-

tion, any type of water soluble resin may be used.
As for the synthetic silicate compound having the
general formula of

M - X2.3 - S1.040.F2
T - '
as defined hereinbefore, 1t can be defined as one type of
the commonly so-called hectolite mineral, and any syn-
thetic silicate compound having the above chemical
formula may be used. For example, the interlayer ion
may be substituted by (H30)+, K+, NHst, Cal+,
- Mg2+, Si2+, Sn2+, Zn2+, Fe2+, Al3+, Sb2+ and Bi3+,
or may be substituted by an organic cation such as 8-

alamin, cationated alkylamine, and a chelate compound

of a transient metal.

‘The present invention will be more clearly under-
stood from the following descnptlons referring to the
,attached drawings.

BRIEF EXPLANATION OF THE DRAWINGS
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~mum range for each component and the ratio of the
* metal powder content to the total solid content.

As understood from the results shown in the FIGS.
1-6, the preferable ranges for individual components of
the oxidation mhlbltor according to the present inven-
tion are as below:

Chamotte or kaoline: 10-200 parts by weight

‘Silicic anhydride (5103): 10-200 parts by weight

Al powder: 10-200 parts by weight
- Colloidal silica (solid): 2-50 parts by weight °
Water soluble resin (sodium polyacrylate or PVA):
| 1-20 parts by weight and optionally

‘synthetic silicate compound: 2-50 parts by weight
and the preferable range for the ratio of the metal pow-
der to the total solid components is 20 to 50%.

'For the measurement of the iron loss by the scale
formation is done by the following procedures.

The oxidation inhibitor is peeled off from the steel
surface after the heating by giving impact thereto, and
the steel is electrolized as cathode in 10% HCl.solution
at Dk of 1.5 A/dm? for one hour to remove the scale by
cathodic reduction, and the iron loss by the scale is
determined by subtracting the weight of the steel after
the electrolytic reduction from the weight of the steel
before the application of the oxidation inhibitor. |

Similar results as those shown in FIG. 1 to FIG. 6 can
be obtained by substituting the chamotte by one or more
of silica powder, magnesia powder, montmorillonite,

- doromite, MgO-Cry0O3 refractory, Mg-SiO; refractory

35

~ FIG. 1 is a graph showing the iron loss caused by

scale formation when an oxidation inhibitor composed 40

of 100 parts by weight of SiQ», 70 parts by weight of Al
powder, 30 parts by welght of colloidal sﬂlca and 5
parts by welght of PV A is used. | |

FIG. 2 1s a graph showing the iron loss caused by

scale formation when an oxidation inhibitor composed 45

of 100 parts by weight of kaoline, 70 parts by weight of
Al powder, 30 parts by welght of colloidal silica and 5
parts by welght of PV A is used.

FIG. 3 is a graph showing the iron loss caused by
scale formation when an oxidation inhibitor composed
of 100 parts by weight of kaoline, 100 parts of SiO», 30
parts by weight of colloidal silica, and 5 parts by weight
of PV A is used.

FIG. 4 1s a graph showmg the iron loss caused by
scale formation when an oxidation inhibitor composed
of 100 parts by weight of kaoline, 100 parts by weight of
S103, 70 parts by weight of Al powders and 35 parts by
weight of PV A is used.

FIG. 5 1s a graph showing the iron loss caused by
scale formation when an oxidation inhibitor composed
of 100 parts by weight of kaoline, 100 parts by weight of
5102, 70 parts by weight of Al powder, and 30 parts by
weight of colloidal silica is used. -

FI1G. 6 is a graph showing the relation between the
iron loss by the scale formation and the ratio of the
metal powder content to the total solid components and

these graphs are based on the results obtained by apply-

ing the oxidation inhibitor with various contents of

and kaoline, by substituting Al powder by one or more
of Cr, V, Ti, Nb, Ni and Cu in the powder form, by
substituting the colloidal silica by alumina sol or alu-
mina sol and colloidal silica, and by substituting PVA
by other water-soluble resins such as sodium polyacryl-
ate.

Based on the above results, the basic compomtlon of

the oxidation inhibition according to the present inven-

tion is defined below.

(A) 10 to 200, preferably 50 to 150, parts by weight of at
least one selected from the group consisting of silica
powder, kaoline, magnesia powder, MgO-Cr03 re-
fractories, Mg-SiO» refractories, and mica,

~(B) 10 to 200, preferably 50 to 150, parts by weight of

50

33

60

65

silicic anhydride (5103),
(C) 10 to 200, preferably 20 to 200, parts by weight of at
least one selected from the group consisting of Cr, V,

- Al, Ti, Nb, Ni and Cu in the powder form,

(D) 2 to 50, preferably 10 to 40, parts by weight of at

least one selected from the group consisting of colloi-
dal silica and alumina sol,

(E) 1 to 20, preferably 2 to 4, parts by welght of water-

- soluble resin, wherein the ratio of the metal powder
to the total solid component (A + B+ C+-solid com-
ponent of D) is 20 to 50%, preferably 30 to 40%, and

(F) the content of the synthetic silicate compound as an

optional component is defined as 2 to 50, preferably
30 to 40, parts by weight.
- Below 2 parts by weight, no further desu'ed Improve-

“ments can be obtained, and on the other hand, beyond

50 parts by weight the oxidation inhibiting effect will be

-~ lowered. The ratio of the metal powder to the total

solid component is maintained in the range from 20 to
50%, preferably 30 to 40% also when the synthetic
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silicate compound is added. In this case the total solid
component is the sum of (A)+ (B)+(C) + (solid compo-
nent of D)+ (F).

As clearly understood from the results shown above,
the oxidation inhibitor according to the present inven-
tion shows satisfactory oxidation inhibiting effect for all
kinds and types of steels including 9%-Ni steels, stain-
less steels and copper-containing steels as well as ordi-
nary steels. For example, the oxidation inhibitor accord-
ing to the present invention can reduce the scale forma-
tion to about 1/200 of that formed when the steel 1s
heated at 1250° C. for 2.5 hours without an oxidation
inhibitor according to the present invention. This oxida-
tion inhibiting effect is remarkable when compared with
that obtained by conventional similar inhibitors, and the
difference increases more remarkably when the heating
temperature increases.

For further improving the refractoriness of the oxida-
tion inhibitor according to the present invention, vari-
ous other ceramics may be added to the basic composi-
tion as defined hereinbefore. However, such addition of
additional refractories is normally unnecessary in appli-
cations where it is exposed to temperatures lower than
1400° C.

The oxidation inhibitor composition, when applied
on the steel surface and heated, produces a strong {ilm
of high strength which can stand against some mechani-
cal force imposed thereon and is not damaged or
stripped off thereby, and thus can stand against the
handling in a continuous heating furnace.

Thus, the film formed from the oxidation inhibitor
composition according to the present invention can be
maintained satisfactorily even at the portions such as the
under and side surfaces of the slab, contacting the fur-
nace skid or contacting the adjacent slabs and prevent
the oxidation satisfactorily.

Further, the oxidation inhibitor composition accord-
ing to the present invention produces a coating which
can be readily removed during the hot rolling step and
thus avoid the so-called “brick scratches” which are
caused by the entrapment of the coating between the
rolls and the steel material during the hot rolling. The
coating produced from the oxidation inhibitor composi-
tion according to the present invention is very fragile to
the thermal shock and it can be removed completely
(100%) and very easily by a scale breaker in the hot
rolling step.

Further, the oxidation inhibitor composition accord-
ing to the present invention, when applied on the steel
surface, can effectively prevent the scale formatton so
that it can avoid “scale scratches” satisfactorily and
assures a very good surfacial condition after the rolling.

Still further, as a binder used for the oxidation inhibi-
tor composition used in the present invention, chiefly a
water-soluble resin is used so that the drying is simple,
and can be dried for a short time when left in the air
without any special drying means, and the drying time
can be shortened by increasing the temperature of the
coating bath.

The oxidation inhibitor composition according to the
present invention can be produced at a considerably
lower cost, and produce the desired results when ap-
plied in a small amount (0.1 kg/m? or more) so that no
substantial cost increase is caused by heating the com-
position applied on the steel surface.

According to the prior art as disclosed in the Japa-
nese Laid-Open Patent Specification Sho 49-30237, it
also discloses a metal powder contained in the composi-
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8

tion. However, the mechanism of oxidation inhibition in
this prior art is based on the following facts. The film of
water glass contained in the composition gives excellent
oxidation inhibiting effects, in a low temperature zone
(about 500° C. or lower) and in a middle temperature
zone (about 500° to about 1000° C.) the metal powder
contained in the film catches and combines with O3
diffusing through the film to prevent further advance of
O; into the inside of the film, thus preventing the oxida-
tion of the steel surface satisfactorily.

In a still higher temperature zone (1000° C. or
higher), a special semi-fused film is formed by NaO in
the water glass and SiO; and CR703 contained in the
coating film, and every excellent oxidation inhibiting
effect is produced thereby.

Thus, in the prior art, the reducing agent (chiefly the
metal powder) is added for the purpose of increasing
the oxidation inhibiting effect in the middle temperature
zone, and the amount of the reducing agent is relatively
small such as 1 to 20 parts by weight, practically about
10% to the total solid components as illustrated in the
examples.

The most essential feature of the prior art of Japanese
Laid-Open Patent Specification Sho 49-30237, lies in
that the special semi-fused film is produced by a specific
combination of NayO in the water glass and S102 and
Cr; O3 in the film, and this semi-fused film prevents
almost completely diffusion of oxygen into the film
from the outside, thus assuring very excellent oxidation
inhibiting effect.

Whereas, the most essential features of the present
invention lie in that the metal powder is admixed in an
amount from 10 to 200 parts by weight, and the ratio of .
the metal powder component to the total solid compo-
nents is maintained in a range from 20 to 50%.

When the oxidation inhibitor composition according
to the present invention is applied on the surfaces of
various steels and heated, O3 defusing through the film
thus formed combines with the metal powder and the
metal powder expands in its volume by the oxidation
and densifies the film with simultaneous prevention the
defusion of O3 into the film to some degrees. The film
thus densified can produce excellent oxidation inhibit-
ing effect.

Therefore, in the prior art as disclosed by Japanese
Laid-Open Patent Specification, as the film is semi-
fused, it readily reacts with the steel material and very
often deteriorates the removability of the film during
the hot rolling.

Whereas in the present invention, the film is not semi-
fused so that it does not react with the steel material,
thus assuring very excellent removability of the film
during the hot rolling and considerably increased
strength of the film during the heating.

Thus, the present invention is completely different
from the prior art of Japanese Laid-Open Patent Speci-
fication Sho 49-30237 with respect to the content and
functions of the metal powder and the water glass
which is not used in the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention will be more clearly under-
stood from the following embodiments.

EXAMPLE 1

The oxidation inhibitor composition was prepared by
admixing:
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kaoline 100 parts by weight =
S107 100 parts by weight
Al powder 70 parts by weight
20% colloidal silica 20 parts by weight
polyacrylic acid 3 parts by weight
water 75 parts by weight

Thus, the percentage of the metal powder to the total
solid component in the above composition was:

_T0(AD
100(kaoline) + 100(SiO2) + 70(Al) + 4(colloidal silica ... 20 X 0.2)
The above composition was applied on the surface of
an ordinary steel slab in an amount of 0.2 kg/m?, left at

ordinary temperature, and the slab thus coated is heated
at 1250° C. for 3 hours, and rolled. The oxidation inhib-

SO0(mont.) + 100(Si07) -+ S0(Ni) + 6(colloidal silica . . .

iting coating was removed COmpletely (100%) when the
coated slab passed through the scale breaker with a
high-pressure water of 150 atmospheric pressure (atm.),

and the steel sheet after the rolling showed no surface

‘defect, and measurements of the weight of the rolled
product indicated a yield of 99.99%, whereas, the steel
sheet rolled under the same condition but using no oxi-
dation inhibiting composition showed a yield of 98.5%,
and the surface had scabs due to the scale entrapment
during the rolling.

EXAMPLE 2

The oxidation inhibitor composmon was prepared by
mixing:

chamotte

St0s

Si powder

10% alumina sol
- PVA

water

100 parts by weight
150 parts by weight
100 parts by weight
30 parts by weight
3 parts by weight
80 parts by weight

Thus, the percentage of the metal powder to the total
solid component was: |

|  100(Si
lOI}(chamotte) 4 150(Si07) + 100(S1) + 3(collmdal mhca

The above composition was applied on the surface of a
steel slab in an amount of 0.2 kg/m?, left at ordinary
temperature, and the steel slab thus coated was heated
at 1270° C. for 2.5 hours and rolled. |

The oxidation inhibiting coating was removed com-
pletely (100%) when the coated steel slab passed

through the scale breaker with a high-pressure water of 60

100 atm. and the steel after the rolling showed a surface
completely free from the surface defects, and measure-
ments of the weight of the rolled product indicated a
yield of 99.99% whereas, the steel sheet obtained by

rolling under the same condition but using no oxidation 65

25

30

35

43

30 X 0.1}

33

inhibitor composition showed a yield of 98.2%, and

visual observations of the surface revealed local surface
defects due to the scale entrapment during the rolling.
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EXAMPLE 3

The oxidation inhibitor composmon was prepared by
mixing:

S
Montmorillonite 50 parts by weight
S102 100 parts by weight
‘Ni powder 50 parts by weight
20% colloidal silica solution 30 parts by weight
10 sodium polyacrylate 10 parts by weight
X 100 = 25.5%
water 90 parts by weight

Thus, the percentage of the meta.l powder to the total

solid components was:

SO(Ni o

"The above ¢omposition was applied on the surface of
a 9%-Ni steel slab in an amount of 1.0 kg/m?, dried with
a warm air blast, and the steel slab thus coated was

‘heated at 1230° C. for 3 hours and rolled.

The oxidation inhibitor coating on the steel slab was

removed completely (100%) from the slab surface when

the slab passed through the scale breaker with a high-
pressure water of 150 atm., and the steel sheet after the
rolling had a surface completely free from surface de-
fects, and measurements of the weight of the rolled
product indicated a yield of 99.99%. Whereas, steel
sheets obtained by rolling under the same conditions,
but using no oxidation inhibitor composition showed a
vield of 98.7% and had surfaces with effects scattered
all over the whole surface due to the scale entrapment
during the rolling, and required grmdlng over the
whole surfaces.

EXAMPLE 4

The oxidation inhibitor composition was prepared by
mixing:

chamotte 100 parts by weight
Si03 100 parts by weight

X 100 = 28%
Al powder 120 parts by weight
colloidal silica (solid) 5 parts by weight

synthetic silicate compouhds
(Na $.Mg 28.Li 3(SisO10)F2)
sodium polyacrylate

water

5 parts by weight

3 parts by weight
some

Thus, the ratio of the metal powder to the total solid
components was 36.3%.

EXAMPLE 5

The oxidation inhibitor composition was prepared by
mixing:

- kaoline 80 parts by weight
$103 120 parts by weight
Al powder 100 parts by weight
colloidal silica 10 parts by weight
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-continued

synthetic silicate compound 10 parts by weight
(Na $.Mg 2§.Li 3(Si4010)F2)
polyacrylate acid

water

J parts by weight
some

Thus, the ratio of the metal powder to the total solid
components was 31.2%.

EXAMPLE 6

The oxidation inhibitor composition was prepared by
mixing:

dolomite 50 parts by weight
S10; 150 parts by weight
Ni powder 100 parts by weight
colloidal silica (solid) 10 parts by weight
synthetic silicate compound 20 parts by weight
PVA 10 parts by weight
water some

Thus, the ratio of the metal powder to the total solid
component was 30.3%.

The oxidation inhibitor compositions prepared in
Examples 4, 5 and 6 were applied on various steels in
amounts of 0.3 kg/m?, 0.5 kg/m?2 and 0.7 kg/m? respec-
tively, and the coated steels were treated in a similar
way as 1n Example 1, and similar results were obtained
as in Examples 1-3 with still improved removability of
the film; thus similar removability (100%) was obtained
‘with lower water pressures such as 30 to 50 atm.
What is claimed is:

1. An oxidation inhibitor comprising:
(A) 10 to 200 parts by weight of at least one selected
from the group consisting of

Silica powder

4,381,251
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" Kaoline
Magnesia powder

- MgO-Cr;0; refractories
Mg-S10; refractories, and
Mica

(B) 10 to 200 parts by weight of silicic anhydride
(S10,),

- (C) 10 to 200 parts by weight of at least one selected
from the group consisting of Cr, V, Al, Ti, Nb, Ni
and Cu in the powder form,

(D) 5 to 50 parts by weight of at least one selected
from the group consisting of colloidal silica and
alumina sol, and .

(E) 1 to 20 parts by weight of water-soluble resin,
wherein the ratio of the metal powder to the total solid
components 1s within a range defined by the following
formula: |

Weight of metal powder

Weight of total solid components X 100 = 20-50%

(the total solid components is the sum of
(A)+B)+(C)+(solid component of D)+ (E)).

2. An oxidation inhibitor composition according to
claim 1, which further comprises 2 to 50 parts by weight
of (F) a synthetic silicate compound having a general
formula of

My X33 S8is.010.F2
I -1 |
in which M represents interlayer ions such as Li+, Na+,
Ca?+ which are ion exchangeable with an inorganic
cation and an organic cation,

wherein the ratio of the metal powder to the total solid
components (A + B+ C+solid component of D and F)
1s 20 to 50%.
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